2 Oxisols comprise large soil group in tropical America. These soils are acidic and have low fertility. Use of tropical legume cover crops in cropping systems is an important strategy to improve fertility of these soils for sustainable crop production. Data are limited on nutrient uptake and use efficiency of tropical cover crops under different acidity levels. The objective of our study was to evaluate growth and nutrient uptake parameters of sixteen tropical legume cover crops under three soil pH (5.1, 6.5, and 7.0) of an Oxisol. Shoot dry weight was influenced significantly by pH and cover crop treatments and their interactions, indicating that cover crops used had differential responses to changing soil pH levels. Overall, shoot dry weight decreased when soil pH was raised from 5.1 to 7.0, indicating acidity tolerance of cover crops. Nutrient concentration (content per unit of dry weight), uptake (concentration X dry weight), and nutrient use efficiency (dry weight of shoot per unit of nutrient uptake) varied significantly among cover crops. The variation in nutrient uptake and use efficiency among cover crop species was associated with variation in shoot dry matter production. Significant variation among crop species in dry matter production and low C/N ratios (average value of 14.25) suggest that cover crops which produced higher dry matter yield like white jack bean, gray mucuna bean, black mucuna bean, mucuna bean ana, and lablab are important choices for planting in tropical soils to recover large amount of macro and micronutrients, and to prevent such nutrient leaching in soil plant systems. NS Significant at the 5 and 1% probability level and no significant, respectively. a Values averaged over across three soil pH (pH 5.1, 6.5, 7.0).
INTRODUCTION
The greatest potential for expanding the world's agricultural frontier lies in the savanna regions of the tropics, which are dominated by Oxisols. Soil acidity and low native fertility, however, are major constraints for crop production on tropical Oxisols . Soil acidification is an ongoing natural process, which can be enhanced by human activities, or diminished by appropriate soil management practices. Acidity produces complex interactions of plant growth-limiting factors involving physical, chemical, and biological properties of soil. Poor soil structure, high bulk density, and low water holding capacity are major physical constraints for crops on tropical Oxisols (Fageria and Baligar, 2003; Fageria et al., 2007) . Calcium, magnesium and phosphorous deficiencies or unavailability's and aluminum toxicity are considered major chemical constraints that limit plant growth on Oxisols. Among biological properties, activities of beneficial microorganisms are adversely affected by soil acidity, which has profound effects on decomposition of organic matter, nutrient mineralization, immobilization uptake, and utilization of nutrients by plants and consequently on crop yields. In tropical regions, loss of soil and nutrients by soil erosion is a major cause of soil degradation (Fageria, 2009) . Bad management practices and lack of or no applications of fertilizer and lime have contributed to lowering of soil fertility and increase in soil acidity; these are the major constraints for crop production in this region Baligar, 2003, 2008) .
Cover crops are important components of sustainable cropping systems in the tropics and growing of legume cover crops would offer a number of benefits including protection from wind and water erosion, weed suppression, improved soil quality, conservation of soil moisture, enrichment of soil by fixing atmospheric nitrogen, control of insects and diseases, improvement of soil microbial activities, and recycling of nutrients from lower to upper soil layers (Fageria et al., 2005 Baligar and Fageria, 2007) . The value of legume cover crops in improving agricultural sustainability is well recognized (Fageria et al., 2005) . Benefits of legumes to subsequent crops are attributed to the addition of nitrogen (N 2 fixation), reduction of nutrient losses from agricultural systems, and increased soil carbon (C) sequestration (Drinkwater et al., 1998; Fageria et al., 2005; Baligar and Fageria, 2007) . Gathumbi et al. (2003) reported that the rotation of crops with nitrogen (N 2 )-fixing legumes is a promising strategy for replenishing soil fertility in the tropics. Legume cover crops, besides fixing atmospheric nitrogen, also improves soil fertility through accessing subsoil nutrient pools and capturing available nutrients through extensive root systems (Gathumbi et al., 2002; Baligar and Fageria, 2007) . Legume cover crops that tolerate infertile acidic soils and with high nutrient use efficiency traits have better chances of improving fertility of these infertile soils. Legume cover crops have wide a range of tolerance to soil acidity (pH 4.5-8.0), and soil preference (Cook et al., 2005; FAO, 2010; Baligar and Fageria, 2007; Fageria et al., 2009) . Calopo (Calopogonium mucunoides), centro (Centosema macrocarpum), cowpea (Vigna unguiculata), ea-ea (Desmodium heterocarpon), flemingia (Flemingia macrophylla), joint vetch (Aeschynomene americana), perennial peanut (Arachis pintoi), Brazilian lucerne (Stylosanthes guianensis), stylos (Stylosanthes spp) and white tephrosia (Tephrosia candida) are good cover crops known to grow in acid infertile soils of pH 4.5 to 6.0, and have high tolerance to toxic levels of soil exchangeable and soluble aluminum (Al) (Skerman et al., 1988, Van der Maesen and Somaatmadja, 1989; Lewis et al., 2005; Roskov et al., 2005; Fageria et al., 2009) . Tropical kudzu grows well in acid soil of pH 5.0 but its growth improves significantly by addition of lime (Philip et al., 1995) . Carvalho et al. (1985) reported that in Oxisol of Brazil, Butterfly pea (Centrosema pubscens) responded well to added calcium (Ca) and magnesium (Mg). In terms of shoot dry weight jack bean (Canavalia ensiformis) was most tolerant to soil acidity and Brazilian lucerne (Stylosanthes guianensis) was most susceptible to low pH under Brazilian conditions . Information is rather limited regarding tolerance of tropical legume cover crops to acid soil complexes and low soil fertility.
To achieve success with cover crops it is essential to identify appropriate cover crop species, which tolerate low soil pH and have high nutrient use efficiency characteristics. Nutrient use efficiency in plants is a function of capacity of the soil to supply adequate levels of nutrients, and the ability of plants to acquire, transport in roots and shoots, and remobilize to other parts of the plant (Baligar et al., 2001) . Nutrient use efficiency is influenced by plant interactions with environmental variables such as solar radiation, temperature, and rainfall. Inter and intra specific differences in growth and nutrient use efficiency and the parameters of nutrient uptake have been reported and such differences are attributed to differences in growth, dry matter production, shoot demand for nutrients, nutrient absorption and translocation and environmental interactions (Vose, 1984; Baligar and Duncan, 1990; Baligar and Fageria, 1999; Baligar et al., 2001; Fageria, 2009 ). Identifications of cover crop species that tolerate soil acidity and have high nutrient recovery efficiency in soil where nutrient supply is suboptimal appears to be an important strategy in achieving success with cover crops in acidic and infertile marginal tropical soils. Identified reliable nutrient use efficiency traits could be useful in selection of cover crop species/cultivars improvement programs. Baligar et al. (2006 Baligar et al. ( , 2008 reported the existence of intra-specific differences in macro-micro nutrient use efficiency in several tropical legume cover crops. However, data are limited on nutrient use efficiency of legume cover crops in tropical Oxisols. The objective of our study was to evaluate the early growth responses of important tropical legume cover crops to varying soil pH and to further assess the influence of soil pH on macro-micro nutrient concentrations, uptake, and use efficiency in Oxisol.
MATERIALS AND METHODS

Soil Properties and Soil pH Levels
The soil used in the experiment was an Oxisol with the following chemical and physical properties before imposing acidity treatments: pH in water Nutrient Uptake and Use Efficiency in Cover Crops 297 (H 2 O) 5.1, Ca 1.3 cmol c kg −1 , Mg 0.6 cmol c kg −1 , aluminum (Al) 0.3 cmol c kg −1 , phosphorus (P) 0.6 mg kg −1 , potassium (K) 51 mg kg −1 , copper (Cu) 1.7 mg kg −1 , zinc (Zn) 0.7 mg kg −1 , iron (Fe) 59 mg kg −1 , manganese (Mn) 14 mg kg −1 and organic matter 22 g kg −1 , clay 643 g kg −1 , silt 100 g kg −1 and sand 257 g kg −1 . Analytical methods used for soil analysis were described in the manual of soil analysis (EMBRAPA, 1997) . Three soil pH treatments were achieved by adding dolomitic lime at the rate of 0 g kg −1 (pH 5.1), 3.3 g kg −1 (pH 6.5) and 8.3 g kg −1 of soil (pH 7.0). The liming material used had 32.9% calcium oxide (CaO), 14.0% magnesium oxide (MgO) and a neutralizing power of 85%. Lime was applied four weeks before sowing the cover crops, and soils were subjected to four wetting and drying cycles to ensure thorough reaction of lime. At the time of sowing basal fertilizers rates used were 200 mg N kg −1 of soil, 200 mg P kg −1 of soil and 200 mg K kg −1 of soil. Nitrogen was applied as urea, P as triple superphosphate and K as potassium chloride.
Cover Crop Species and Growth Conditions
Sixteen tropical cover crop legumes were evaluated in this study; the common and scientific names are given in Table 1 . Cover crop seeds were obtained from Globo Rural Seed Company, Goania, Brazil and from Pirai Seed Company, Piracicaba, Brazil. A greenhouse experiment was conducted at the National Rice and Bean Research Center of EMBRAPA, Santo Antônio de Goiás, Brazil. Cover crops were grown during the months of September and October. Mean monthly maximal temperature was 32 • C and minimal temperature was 18.8 • C during the month of September and during the month of October, these values were 33.8 and 20.5 • C, respectively. Mean relative humidity was 24.7% in the month of September and 26.1% during the month of October. Cover crops were grown in plastic pots with 7 kg soil in each pot. After germination, 4 plants were maintained in each pot. Soil moisture during growth was maintained at near field capacity. Plants were harvested 46 days after sowing, and shoot material was washed in distilled water several times and dried in an oven at 70 • C to a constant weight to determine biomass accumulations.
Observations and Data Analysis
Dried plant samples of 16 cover crops were analyzed for concentrations of macro and micronutrients at the Tropical Research and Education Center, University of Florida, Homestead, Florida. Briefly, N and C contents were determined using a CNS elemental analyzer (Vario MAX, Elementar Americas Inc., Mt. Laurel, NJ, USA). Plant samples were also dry-ashed in a muffle furnace at 250 • C for 30 minutes and 550 • C for 4 hours. The ash was then dissolved in diluted hydrochloric acid (HCl) and P concentration was determined using an automated discrete analyzer (AQ2+, SEAL Analytical, Hanau, Germany) based on Environmental Protection Agency (EPA) method 365.1 (O'Dell, 1993) and other elements using an Inductively coupled plasma mass spectrometry (ICP-MS) (ELAN DRC-e ICP-MS, PerkinElmer, Waltham, MA, USA) (Hanlon et al., 1994) .
Nutrient uptake was determined by multiplying the nutrient concentration in the shoots by dry weight of each crop species. Nutrient use efficiency (NUE) was determined by using following formula (Baligar et al., 2001; . NUE (mg mg −1 or mg μg −1 ) = mg of shoot dry wt produced/unit nutrient (mg or μg) in shoot.
Analysis of variance was used to evaluate statistical significance by using SAS (Ver. 9.2) (SAS Institute Inc., Cary, NC, USA). Average means were compared by Tukey's test at 5% probability level.
RESULTS AND DISCUSSION
Shoot Dry Weight
Shoot dry weight was significantly influenced by soil pH and cover crop species. Results of shoot dry weights at three pH levels are presented ( Figure 1 ). Shoot dry weight at low soil pH level varied from 3.9 to 21.4 g plant −1 , with an average value of 9.9 g plant −1 . At all soil pH levels, white jack bean produced the highest shoot dry wt and Brazilian lucerne produced FIGURE 1 Shoot dry weight of 16 cover crop species under three soil pH levels. High acidity pH = 5.1, medium acidityy pH = 6.5 and low acidity pH = 7.0. Means followed by the same letter on the bar under the same acidity level are not significantly different at the 5% probability level by Tukeys test. lowest shoot weight. Inter species variability in shoot dry weight of tropical legume cover crops has been widely reported (Fageria et al., 2005 Baligar et al., 2006; Baligar and Fageria, 2007) . Results of our study show that tropical legume cover crops have high degrees of tolerance to low soil pH. This is an important trait of these cover crop legumes because they can be planted on strongly acidic soils without lime input. It has been widely reported that many tropical legume over crops are tolerant to low soil pH (Munns, 1978; Cook et al., 2005; Baligar and Fageria, 1997; FAO, 2010; .
Based on shoot dry wt the tolerance of cover crops to low soil pH was in the order of white jack bean (most tolerant) > black mucuna > gray mucuna > lablab > ochroleuca crotalaria > mucuna bean ana > sunnhemp > bicolor pigeonpea > mulato pigeonpea > black jack bean > black pigeonpea > showy crotalaria > calopo > smooth crotalaria > short-flowered crotalaria > Brazilian lucerne (most susceptible). Differences in tolerance to low soil pH among legume crop species have been previously reported (Foy, 1984; Caravalho et al., 1985; Devine et al., 1990; Philip et al., 1995; Baligar and Fageria, 1997; Fageria et al., 2009 ).
Concentration of Macro and Micronutrients
Macro-and micronutrient concentrations averaged over across three soil pH are given in Table 2 . Carbon concentration in shoots of legume crop species was significantly affected by soil pH and cover crop species, but their interactions were non-significant, indicating that the cover crops used had similar responses to soil pH levels. Overall, across three soil pH levels (5.1-7.0), C concentration among 16 crop species varied from 390.23 g kg −1 for Showy crotalaria to 428.84 g kg −1 for black pigeonpea, with an average value of 415.38 g kg −1 . The variability in C concentration among cover crop species is associated with different growth habits, especially root growth and nutrient uptake mechanisms under similar growing conditions (Fageria, 2007; Fageria and Moreira, 2011) . Nitrogen concentration in the shoots of 16 cover crop species was significantly influenced by cover crop species and the interaction between soil pH and cover crop species. Reuter and Robinson (1986) reported that N concentration in legume cover crops varied from 25 to 50 g kg −1 , depending on crop species. Results of this current study are within this range. Overall, N concentration at high soil pH 7.0 was 11% higher than at low soil pH 5.1 (Figure 2 ). Hence, liming increased N concentration in the cover crop species studied. The positive effect of liming on N uptake by dry bean in a Brazilian Oxisol has been reported by Fageria et al. (2007) .
Phosphorous concentrations in shoots of 16 cover crop species varied from 1.74 to 4.14 g kg −1 , with an average value of 2.71 g kg −1. Reuter and Robinson (1986) reported that P concentration in tropical legume crops varied from 1.5 to 6 g kg −1 . In our study, soil pH had no significant influence on P concentrations in 16 cover crops.
Calcium concentrations varied from 10.32 to 20.17 g kg −1 . Reuter and Robinson (1986) reported that Ca concentration in tropical legume crops varied from 7 to 30 g kg −1 . Overall, Ca concentration increased with increasing pH as expected ( Figure 2 ). Ca concentrations in shoots of cover crops were significantly influenced by crop species and their interactions with soil pH. The Mg concentration averaged over pH ranges of 5.1-7.0 varied from 3.17 to 5.66 g kg −1 , with an average value of 3.98 g kg −1 . Reuter and Robinson (1986) reported that Mg concentration in tropical legume crops varied from 3 to 5 g kg −1 . The results of the present study are within this range. Only the cover crop species had significant effects on Mg concentrations of the shoot. In the current study, overall concentrations of N, P, Ca, and Mg were in sufficiency to adequate range (Reuter and Robinson, 1986; Jones et al., 1991) .
Zinc concentrations in the shoots of 16 cover crop species were significantly influenced by soil pH, and cover crop species and their interactions. However, Fe concentrations in the shoots of cover crops were influenced only by cover crop species. Reuter and Robinson (1986) reported that Zn concentration in the shoot of tropical legume cover crops varied from 17 to 50 mg kg −1 . In the current study, Fe concentration in shoots of 16 cover crop species varied from 18.28 to 174.01 mg kg −1 , with an average value of 68.16 mg kg −1 . Reuter and Robinson (1986) reported that Fe concentration in the shoots of tropical legume cover crops varied from 50 to Only these nutrients showed significant interaction effects between soil pH and cover crops. 300 mg kg −1 . Our results in relation to Fe concentration fall within this range. The Mn concentrations in the shoots of 16 cover crop species were significantly influenced by soil pH and cover crop species treatments and their interactions; however, the concentration of boron (B) was only significantly influenced by the cover crop species treatments. The Mn concentration in shoots of 16 cover crop species averaged over all soil pH, varied from 48.08 to 160.94 mg kg −1 , with an average value of 83.36 mg kg −1 , and B concentration varied from 42.00 to 69.09 mg kg −1 , with an average value of 56.96 mg kg −1 . Reuter and Robinson (1986) reported that Mn concentration in the shoots of cover crop species varied from 50 to 300 mg kg −1 and B concentration varied from 25 to 112 mg kg −1 . The results of Mn and B concentrations in the shoot of cover crop species of the present study fall within this range. In the current study, overall concentrations of Mn and B were in sufficiency to adequate range; whereas concentration of Zn and Fe were in low to deficiency range (Reuter and Robinson, 1986; Jones et al., 1991) . Mn and Zn concentrations reduced with increasing pH (Figure 2 ). Increasing soil pH reduces solubility and ionic concentrations in soil solution and increases in precipitation and adsorption of micronutrients (Fageria et al., 2002) . Therefore, increasing soil pH reduces the plant availability of the micronutrients, as is reflected in lower concentrations of Zn and Fe in shoots of cover crops (Table 2; Figure 1) 
Uptake of Macro and Micronutrients
Macro and micronutrient uptake and C/N ratio averaged over across three soil pH are given in Table 3 . Total uptake of C per plant was significantly influenced by soil pH levels, cover crop species, and their interactions. Overall, C uptake decreased with increasing soil pH (Figure 3 ). This is associated with the decrease in shoot dry weight with increasing soil pH as shown in Figure 1 . The N uptake was significantly influenced by soil pH and cover crop species, varying from 54.00 to 603.32 mg plant −1 , with an average value of 206.05 mg plant −1 . The carbon/nitrogen (C/N) ratio was significantly influenced by soil pH and crop species, and their interactions, indicating a significant variability in C/N ratio of cover crop species under different soil pH levels (Table 3) . Fageria (2007) reported that C/N ratio of legume cover crops varied from 11 to 28, with an average value of 16. Results of our study fall within this range. Overall, C/N ratio decreased with decreasing soil pH. The carbon/nitrogen ratio (C/N ratio) of crop residues plays an important role in the release or immobilization of soil N because plant tissue is a primary source and sinks for C and N (Fageria, 2007) . When plant residues having C/N ratio greater than 20 are incorporated into the soil, available soil N is immobilized during the first few weeks of residue decomposition (Dinnes et al., 2002) . This happens because the microbial populations that decompose plant residues increase their biomass in response to added C. In aerobic soils, C/N ratios of <20 for organic residues are required for net mineralization to occur (Islam et al., 1998) . Zebarth et al., (2009) and Kumar and Goh (2000) reported that incorporation of low C/N ratio residues generally results in net mineralization, whereas high C/N ratio residues result in net immobilization. Under field conditions, the break point between net mineralization and immobilization is commonly a C/N ratio of 20 to 30 (Kumar and Goh, 2000) . However, the amount of N mineralized from a crop residue varies not only with the C/N ratio but also the composition of the residue (Thorup-Kristensen et al., 2003) . Uptake of P, Ca, and Mg was influenced significantly by soil pH and cover crop species; Mg uptake was also significantly influenced by the interaction between soil pH and cover crop. Overall, Mg uptake decreased slightly with Only these nutrients showed significant interaction effects between soil pH and cover crops.
increasing soil pH (Figure 3 ). Uptake of P varied from 5.77 to 54.72mg plant −1 , with an average value of 17.38mg plant −1 . Interspecific variations in macronutrient uptake in tropical legumes has been reported . Overall (species and pH), uptake of macronutients was in the order of C > N > Ca > Mg > P. Reuter and Robinson (1986) reported a similar uptake pattern in tropical legume cover crops. In our study, macronutrient accumulation in all the cover crop species was parallel to dry matter accumulation. Brazilian lucerne, with low dry matter, accumulated the lowest amount of macronutrients per plant and white jack bean with high dry matter, accumulated highest levels of macronutrients (Figure 1) . Baligar et al. (2008) have reported significant variability in shoot dry weight and nutrient uptake among cover crop species and the uptake of macronutrient was N > Ca > P > Mg. Such variability is associated with different growth habits and amount of dry matter accumulated in the shoot of the cover crop species. Total uptakes of Mn and Zn per plant were influenced significantly by soil pH, cover crop species, and the interaction of the two. Uptake of Fe, however, was only significantly influenced by cover crop species. B uptake was influenced significantly by soil pH and cover crop species. Overall, uptake of Zn and Mn decreased with increasing soil pH (Figure 3 ). This may be associated with a decrease in shoot dry weight with increasing soil pH. Increasing soil pH reduces the micronutrient solubility, ionic concentrations in soil solution, and mobility of B, Fe, Mn and Zn. Consequently, this reduces the acquisition of these elements by plants (Fageria et al., 2002) . In the current study, uptake of micronutrients in the shoots of cover crop species was in the order of Mn > Fe > B > Zn. Baligar et al. (2006) have reported similar micronutrient uptake patterns in several tropical legume cover crops. Fageria et al. (2002) concluded that accumulation of essential micronutrients in plant follows the order of Mn > Fe > Zn > B > Cu and Mo. The higher uptake of Mn and Fe may be associated with higher levels of Mn and Fe in the Oxisol. Baligar et al. (2006) also reported higher uptake of Mn and Fe compared to other micronutrients in tropical legume cover crops. Interspecific variations for micronutrient uptakes in legumes have been reported (Fageria et al., 2002; Baligar et al., 2001 Baligar et al., , 2006 .
Averaged across three soil pH values, white jackbean accumulated highest amounts of macro and micronutrients compared to other cover crops. This may be related to higher dry matter accumulation by this cover crop as compared to other cover crops. Similarly, Brazilian lucerne accumulated minimum amounts of macro and micronutrinets compared to other cover crops. This may be related to lower dry matter accumulation by these cover crops compared to other cover crops.
Nutrient Use Efficiency of Macro and Micronutrients
Macro and micronutrient use efficiency averaged over across three soil pH are given in Table 4 . Only soil pH and cover crop species treatments had significant effect on C use efficiency, but their interactions had no effect on C use efficiency, indicating similar responses of cover crop species to changing soil pH. The C use efficiency of 16 cover crop species varied from 2.33 mg mg −1 (Black pigeon pea) to 2.56 mg mg −1 (showy crotalaria), with an average value of 2.41 mg mg −1 . The C use efficiency in these cover crop species was the lowest among the macronutrients determined. This may be associated with maximum uptake of C by the cover crop species. In annual crops, uptake of C is maximal compared to other macronutrients . N use efficiency in all cover crop was significantly influenced by soil pH, cover crops and their interactions. Overall, N use efficiency varied from 26 mg kg −1 to 48 mg kg −1 with Smooth crotalaria had the lowest efficiency for N and Mucuna bean ana had the highest efficiency for N. The average value of N use efficiency in this soil was 34.26 mg kg −1 . The decrease in N use efficiency (data not shown) with increasing soil pH may be associated with decrease in shoot dry weight of cover crops with increasing soil pH . The decrease in shoot dry weight with increasing soil pH was associated with tolerance of tropical cover crop species to higher soil acidity .
Soil pH and its interactions with cover crop species had no effect on P use efficiency; however, crop species differed significantly in P-use efficiency. Overall, P use efficiency varied from 248.15 (Brazilian lucerne) to 597.57 mg mg −1 (black mucuna bean), with an average value of 427.61 mg mg −1 . The P use efficiency was maximal among macronutrients. Overall, it was 12.5 fold higher to N use efficiency, 177 fold higher to C use efficiency, 5.5 fold higher to Ca use efficiency and 1.6 fold higher to Mg use efficiency. The higher P use efficiency in crop plants, including legumes has been reported by Fageria et al. (2006) . Since P acquisition by plants rarely exceeds 20% of the total fertilizer P applied, higher internal plant use efficiency is very important for practical purposes or crop production (Friesen et al., 1997) .
The Ca and Mg use efficiencies were significantly influenced by soil pH and crop species treatments. The Ca-use efficiency varied from 50.17 to 100.71 mg mg −1 , with an average value of 77.93 mg mg −1 . Similarly, Mg us efficiency varied from 180.57 to 331.44 mg mg −1 , with an average value of 274.73 mg mg −1 . Overall, Mg use efficiency was 3.5 times higher compared to Ca use efficiency. Lower Ca use efficiency compared to Mg use efficiency indicates that cover crop species were highly tolerant to soil acidity. Calcium requirement of soil acidity tolerant crop species is lower than the soil acidity susceptible crop species . Okada and Fischer (2001) also reported that plant tolerance to low Ca in the soil was the primary cause of the better growth of the acid tolerant crop cultivars at low soil pH.
The overall macro nutrient use efficiency by these cover crops was in the order of P > Mg > Ca > N > C. Baligar et al. (2008) reported existence significant differences in macro nutrient use efficiency among tropical cover crops. Hence legume cover crops grown in acidic to nutrial Oxisol requires maximum amounts of P and minimum amounts of N to produce equal amounts of dry matter. Plant species that have high NUE for P are productive when grown on acid infertile soils with limited P supply. Variations in nutrient use efficiency are known to be under genetic and physiological control but are modified by plant interaction with environmental variables Fageria, 1997, 1999; Baligar et al., 2001) .
Zinc, Fe and B use efficiency of cover crops was not significantly influenced by soil pH treatment, however, were significantly influenced by crop species treatment. The Mn-use efficiency was significantly influenced by soil pH but not by crop species treatment. There was no significant interaction between soil pH and cover crop species for the four micronutrients use efficiency (Zn, Mn, Fe and B), indicating similar responses of cover crop species in relation to micronutrient use efficiencies at different soil pH. The Zn us efficiency varied from 58.45 to 734.71 mg μg −1 , with an average value of 251.60 mg μg −1 . Similarly, Mn use efficiency varied from 13.39 to 43.04 mg μg −1 , with average value of 23.51 mg μg −1 . The Fe-use efficiency varied from 7.41 to 68.99 mg μg −1 , with average value of 26.50 mg μg −1 . The B-use efficiency varied from 15.40 to 25.74 mg μg −1 , with an average value of 19.48 mg μg −1 . Baligar et al. (2006) reported significant variability in micronutrient use efficiency by tropical legume cover crops. Overall, in the current study, the micronutrients use efficiency was in the order of Zn > Fe > Mn > B. The accumulation of micronutrient varies among plant species and cultivar/genotypes within species (Marschner, 1995; Welch, 1986 , Fageria et al., 2002 Fageria, 2009 ) and such differences have been attributed to genetics, physiological/biochemical mechanisms, responses to climate variables, tolerance to pest and diseases and response to agronomic management practices (Marschner, 1995; Welch, 1986; Baligar et al., 2001; Fageria et al., 2002) . Identification of cover crop species that have high micronutrient use efficiency will help to establish effective cover crops for the acidic and low micro nutrient content tropical soils.
CONCLUSIONS
Cover crop species differ significantly to soil acidity tolerance as determined by shoot dry weight yield in a pH range of 5.1 to 7.0 grown on a Brazilian Oxisol. White jackbean produced highest shoot dry weight at low as well as at high soil pH levels followed by black mucuna bean. The lowest dry weight producing cover crops were Brazilian lucerne followed by short flowered crotalaria at low as well as at high soil pH levels. The C/N ratio of 16 cover crops varied from 10.88 to 20, which indicates that these species can easily be decomposed to supply nutrients to the succeeding crop in the cropping systems. Overall, nutrient concentration and uptake was in the order of N > Ca > Mg > P > Mn > Fe > B > Zn. Similarly, nutrient use efficiency was in the order of P > Mg > Ca > N > Zn > Fe > Mn > B. The highest P use efficiency and lowest N use efficiency among macronutrients was related to highest and lowest uptake of these nutrients in the shoot dry weight. Similar interpretations can also be drawn for micronutrient use efficiency.
